There are more than 26 million peer-reviewed biomedical research items according to 6 Medline/PubMed. This breadth of information is indicative of the progress in 7 biomedical sciences on one hand, but an overload for scientists performing literature 8 searches on the other. A major portion of scientific literature search is to find 9 statements, numbers and protocols that can be cited to build an evidence-based 10 narrative for a new manuscript. Because science builds on prior knowledge, such 11 information has likely been written out and cited in an older manuscript. Thus, Cited 12 Statements, pieces of text from scientific literature supported by citing other peer-13 reviewed publications, carry significant amount of condensed information on prior 14 art. Based on this principle, we propose a literature search service, SciRide Finder 15 (finder.sciride.org), which constrains the search corpus to such Cited Statements only. 16 We demonstrate that Cited Statements can carry different information to this found in 17 titles/abstracts and full text, giving access to alternative literature search results than 18 traditional search engines. We further show how presenting search results as a list of 19 Cited Statements allows researchers to easily find information to build an evidence-20 based narrative for their own manuscripts. 21 22
Introduction
Science 2-4 . The results typically consist of a list of titles and abstracts from documents 28 that contain the query keywords. The scientist is then tasked with parsing through an 29 extensive list of results, to extract information directly from titles/abstracts or to 30 follow a link to the full document. 31 32 As such literature search can be burdensome, intelligent text mining of scientific 33 publications has been seen as an alternative for extracting and organizing information 34 from the ever-growing PubMed collection 5 . Sites such as iHOP or Chilibot mine 35 field-specific knowledge by collating information regarding biomolecules from 36 millions of PubMed publications 6,7 . Less field-specific services such as COLIL, 37 provide a service showing comments in more recent research on older manuscripts 8 . 38 These tools demonstrate that strategic text mining and intelligent filtering can lead to 39 new, more efficient tools for biomedical literature search. only. We show that Cited Statements can carry different information-retrieval data to 62 these found in titles, abstracts and full text of documents they refer to, demonstrating 63 that this methodology does not simply recapitulate information currently available in 64 scientific search engines. Furthermore, we show how presenting results in the form of 65 Cited Statement text, can offer easy access to information in several literature-search 66 scenarios. We hope that our service, available at finder.sciride.org will offer a 67 streamlined way for biomedical scientists to build evidence-based narratives for their 68 own manuscripts. We argue that CS-based search offers a novel way of retrieving documents, that can 139 yield orthogonal results as compared to traditional search strategies. For this to be 140 true, CSs must offer distinct information-retrieval data on the PR that would not 141 normally be available by examining titles, abstract or even full text of PR document. To quantify this, we identified 691,354 documents where we had CSs in our database 144 referring to PR documents whose full text is available for text mining. For a given CS, 145 we measured how many normalized words (stemmed, case-folded etc.) cannot be 146 found in the title/abstract and full-text of the PR documents, which we refer to as 147 'difference'. For each of 691,354 documents, we have identified the maximally 148 different (as percentage) CS with respect to the title/abstract and full text of the PR 149 document ( Figure 3 ). These results demonstrate that for 83% of our 691,354 PR 150 documents, there exists a CS which is at least 50% different to the title/abstract of the 151 PR document. For 61% of PR documents, there exists a CS which is at least 25% 152 different to the PR document full text. Therefore, for a significant proportion of 153 publications, there exists a CS which offers information that would not be available 154 through a title/abstract or full-text search on the PR document.
155 156 We have also found that CSs tend to be different from titles/abstracts not only in the 157 extreme as above, but also on average (see Supplementary Figure 1 We have created a biomedical search service based on information content from CSs. 221 These short pieces of text build the evidence-based narrative for a given manuscript 222 and provide a reflection of knowledge contributed by previous publications. We have 223 shown that constraining the search corpus to CS only, can be a viable alternative to 224 conventional search methodologies as it provides different information from 225 titles/abstracts and full text. Furthermore, presenting results as CSs, is beneficial in 226 many areas of scientific literature search, whose major part is aimed at identifying 227 evidence-based pieces of text to be used in future publications. The Cited Statements are stored for rapid extraction in a Lucene-based system which 285 was previously shown to be a robust search engine for biomedical applications 17 . 286 Since scientific documents are by and large written in English 18 we have employed 287 standard English analyser and stemmer as parameters of retrieval. We only perform 288 searches on the text of the CS record, disregarding metadata of the full article it was 289 retrieved from. For each PR document, we have collected three elements: its title/abstract, full text 309 and a list of CSs referring to it. We have created a textual fingerprint for each 310 title/abstract, full text and each CS, which was supposed to emulate a typical corpus 311 employed by an information retrieval system.
313
To produce a fingerprint for a given piece of text, we split it into word tokens using 314 the NLTK toolkit. We case-folded each word, and removed any punctuation (keeping 315 special symbols such as Greek letters). We removed all stop-words (as defined by the 316 NLTK corpus). Finally each word was stemmed so as to minimize mismatches in 317 subtle inflection forms 19 . We did not keep word duplicates, thus for each text element 318 (such as title/abstract), this resulted in a non-redundant list of normalized words. 319 320 A typical information retrieval algorithm can be expected to perform such text-321 normalization operations on a given document. Thus, it is reasonable to assume that if 322 text-normalized fingerprints share many words, the information retrieval algorithm 323 would treat them as contributing similar information and yield similar results. Additional information 339 340 The authors declare no competing financial interests related to this work and any 341 material used in this study. 342 343
